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Segregation-induced changes in interfacial cohesion often control
the mechanical properties of metals. The change in the work of
separation of an interface upon segregation of a solute to the
interface, termed the embrittling potency, is an atomic-level
quantity used to predict and understand embrittlement phenom-
ena. We present a compilation of calculations of embrittling
potencies, along with references for these calculations. A discus-
sion of this data is made in a separate article (Gibson and Schuh,
2016 [1]).
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Value of the data
 This compilation of materials data may be analyzed to provide insight in atomic mechanisms of
embrittlement across systems.
 The values may serve as a quick, comprehensive reference to check which solutes may embrittle or
increase boundary cohesion in a given solvent, aiding alloy design and failure analysis.
 Comparison across different boundary types may give insight into the degree of anisotropy of
embrittling potencies.
 This database may facilitate comparison to previous studies in the future, and demonstrate which
systems or boundaries merit further study, and which systems have yet to be studied.1. Data
This data set is an aggregation of the embrittling potencies in binary metallic alloys from a large
number of previously published studies. As such, the relevant methods for obtaining each individual
data point are those from the original studies, and are listed in the data. The value of the present data
is simply in aggregating all of these results in a single location such that it is computable and
searchable. As such, the relevant methods for this data are the methods used in reviewing the lit-
erature. The data is available in computable form as a pair of .csv ﬁles, as well as two human-readable
tables, included in the present data article. explicitly discussed in a separate article by the authors [1].2. Experimental design, materials and methods
2.1. The data gathering process
An attempt was made to gather all calculations of embrittling potencies in the literature. In doing
so, several methods were used to gather studies:
1. All studies cited by Ref. [2] were reviewed.
2. Citation alerts on Google Scholar for the keywords: “Grain boundary Segregation”, “surface seg-
regation”, and “GB embrittlement” ⋁ “Grain boundary embrittlement” have been in place since
early 2014 to capture recent publications on the subject.
3. A backward search for previous publications on embrittling potencies was conducted by searching
through all of the references contained in each publication we found to see if any other calculations
of embrittling potencies were made.
4. A forward search was conducted by reviewing the citing articles for all of the highest-impact works
on grain boundary embrittlement.
5. Google Scholar searches for the term “embrittling potency”.
We found that performing a backward search from the publications captured by our Google
Scholar alerts published during 2015 yielded almost exclusively studies that we had already recorded,
lending conﬁdence to our belief that we have captured a representative, if not exhaustive, list of
studies. All calculations were systematically recorded. For the reader's reference, any DFT study that
calculated a grain boundary segregation energy or simply conducted a qualitative investigation of the
charge distribution at the grain boundary is also included in the below tables, although such studies
M.A. Gibson, C.A. Schuh / Data in Brief 6 (2016) 143–148 145did not contribute to the quantitative study of the embrittling potencies which was the purpose of
this data article.
The present authors felt it was best to separate out data that might be questionable for use in
future, quantitative analyses of grain boundary cohesion from the data that might safely be included
in such studies. The criteria for inclusion of the data in these two data sets is laid out below:
 If multiple studies examined the same solute at the same GB via the same methods, and one study
reproduced the results of a previous study in terms of segregation energies and embrittling
potencies, and the later study then showed that a more stable site for the solute exists at the GB,
then only the data point pertaining to the more stable site was retained in the quantitative data set.
In cases where authors disagreed, both studies were retained in an effort for impartial review.
 If the same research group conducted multiple, essentially analogous calculations (i.e. the same
solute at the same GB in the same solvent), the most recent calculation was used in the quantitative
data set. In our experience, though, these calculations tended to be close to one another, so the
choice of study is unlikely to have a large impact on the analysis.
 If a DFT cluster calculation was performed, and there exists a more accurate, periodic boundary
condition calculation of the same solute in the same solvent, the cluster calculation was excluded
from the quantitative data set.
 Calculations from Finnis–Sinclair potentials (which differ substantially from the rest of the data)
were not included in the analysis. This is consistent with Ref. [2]; the present authors are not the
ﬁrst to make this exclusion.
 Calculations from publications which contained insufﬁcient detail for the work to be reproducible
or made unphysical assumptions were not included.
The data includes four embedded atom method (EAM) calculations, and eight estimates from the
experimentally measured difference in free energies for segregation (discussed below), with the
remainder of calculations coming from density functional theory (DFT) calculations. Any calculations
for which an embrittling potency is not listed are systems wherein grain boundary segregation has
been studied from a theoretical perspective, but an embrittling potency was not speciﬁcally calcu-
lated and could not be derived from the data presented. These pairs and references are nonetheless
listed so that the interested reader may more easily ﬁnd studies on grain boundary segregation for
speciﬁc systems.
The experimental values of the embrittling potencies are computed from the thermodynamic
theory of Hirth, Rice, and Wang [3–5]. In a simpliﬁed interpretation, and in the dilute limit, the
embrittling potency of a segregant is equal to the difference in the grain boundary and surface seg-
regation energies:





The difference in the internal energies of segregation is approximately equal to the difference
between the experimentally measurable free energies of segregation, to the surface and the GB, ΔGsegGB
and ΔGsegsurf .
1 However, while the analysis for the DFT studies was made assuming that the solute
remained in the same site during fracture, such a constraint is not possible during the experimental
measurements of segregation behavior. Thermodynamically, the imposition of a constraint guaran-
tees that the work needed to perform a process is larger than in the absence of the constraint. Thus,
the experimentally measured embrittling potencies should be considered an upper bound when
compared with the theoretically computed embrittling potencies. Despite this difference, previous
authors have shown that the embrittling potencies computed from a theoretical and experimental
perspective are in fair agreement [2,6].1 This approximation is true if the entropy due to a solute atom occupying the surface site is approximately equal to that
for a solute atom occupying a grain boundary site. This difference is likely non-zero, but the TΔS term is likely negligible
relative to the energetic differences at the surface and the GB.
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Table S1 represent:
DFT: Density Functional Theory
PBC: Periodic Boundary Conditions – used as shorthand for calculations in which the grain
boundary was constructed such that two grain orientations are tessellated periodically next to one
another.
Slab: Used as shorthand for calculations in which two adjacent grains create a GB, which is then
surrounded by vacuum in the z direction. This is in contrast to the above PBC calculations.
XC Functional: Exchange-Correlation functional
MD: Molecular Dynamics
EAM: Embedded Atom Method
LDA: Local Density Approximation
GGA: Generalized Gradient Approximation
FLAPW: Full potential Linearized Augmented Plane Wave
PW91: A ﬂavor of GGA
PBE: A ﬂavor of GGA
LMTO: Linear Mufﬁn Tin Orbitals
FP: Full Potential
LCAO: Linear Combination of Atomic Orbitals
DMol: Refers to software by Accelrys used for cluster calculations in DFT
In similar spirit to the inclusion of studies in Table 1 where an embrittling potency was not calculated,
Table 2 lists calculations and their associated references that are deemed not as suitable for quanti-
tative analysis. These are nonetheless listed so that the interested reader may more easily ﬁnd studies
on grain boundary segregation and embrittlement for speciﬁc systems.Appendix A. Supplementary material
Supplementary data associated with this article can be found in the online version at http://dx.doi.org/
10.1016/j.dib.2015.11.024. This database is constructed from data contained in the following papers [7–82].References
[1] M.A. Gibson, C.A. Schuh, A survey of ab-initio calculations shows that segregation-induced grain boundary embrittlement
is predicted by bond-breaking arguments, Scr. Mater. 113 (2016) 55–58.
[2] P. Lejcek, M. Sob, An analysis of segregation-induced changes in grain boundary cohesion in bcc iron, J. Mater. Sci. 49 (6)
(2014) 2477–2482.
[3] J.P. Hirth, J.R. Rice, On the thermodynamics of adsorption at interfaces as it inﬂuences decohesion, Metall. Trans. a-Phys.
Metall. Mater. Sci. 11 (9) (1980) 1501–1511.
[4] J.P. Hirth, Adsorption at grain-boundaries and its effect on decohesion, Philoso. Trans. R. Soc. a-Math. Phys. Eng. Sci. 295
(1413) (1980) 139–149.
[5] J.R. Rice, J.S. Wang, Embrittlement of interfaces by solute segregation, Mater. Sci. Eng. a-Struct. Mater. Prop. Microstruct.
Process. 107 (1989) 23–40.
[6] P. Lejcek, et al., Why calculated energies of grain boundary segregation are unreliable when segregant solubility is low, Scr.
Mater. 68 (8) (2013) 547–550.
[7] G.H. Lu, et al., Origin of intergranular embrittlement of Al alloys induced by Na and Ca segregation: grain boundary
weakening, Phys. Rev. B 73 (22) (2006) 5.
[8] T. Uesugi, K. Higashi, Segregation of Alkali and Alkaline earth metals at sigma 11(113) 110 grain boundary in aluminum
from ﬁrst-principles calculations, Mater. Trans. 53 (9) (2012) 1699–1705.
[9] V.I. Razumovskiy, et al., The effect of alloying elements on grain boundary and bulk cohesion in aluminum alloys: an ab
initio study, Scr. Mater. 65 (10) (2011) 926–929.
[10] S.J. Zhang, et al., Cohesion enhancing effect of magnesium in aluminum grain boundary: A ﬁrst-principles determination,
Appl. Phys. Lett. 100 (23) (2012) 4.
[11] X.G. Liu, et al., First-principles investigation of Mg segregation at Sigma=11(113) grain boundaries in Al, J. Phys.-Condens.
Matter 17 (27) (2005) 4301–4308.
[12] S.J. Zhang, et al., Sodium-induced embrittlement of an aluminum grain boundary, Phys. Rev. B 82 (22) (2010) 17.
M.A. Gibson, C.A. Schuh / Data in Brief 6 (2016) 143–148 147[13] S.J. Zhang, et al., Aluminum grain boundary decohesion by dense sodium segregation, Phys. Rev. B 85 (21) (2012) 8.
[14] S.J. Zhang, et al., First-principles determination of the effect of boron on aluminum grain boundary cohesion, Phys. Rev. B
84 (13) (2011) 9.
[15] S.J. Zhang, et al., First principles investigation of zinc-induced embrittlement in an aluminum grain boundary, Acta Mater.
59 (15) (2011) 6155–6167.
[16] T. Ossowski, E. Wachowicz, A. Kiejna, Effect of iron additions on intergranular cohesion in chromium, J. Phys.-Condens.
Matter 21 (48) (2009) 8.
[17] A.Y. Lozovoi, A.T. Paxton, M.W. Finnis, Structural and chemical embrittlement of grain boundaries by impurities: a general
theory and ﬁrst-principles calculations for copper, Phys. Rev. B 74 (15) (2006) 13.
[18] G. Duscher, et al., Bismuth-induced embrittlement of copper grain boundaries, Nat. Mater. 3 (9) (2004) 621–626.
[19] R. Schweinfest, A.T. Paxton, M.W. Finnis, Bismuth embrittlement of copper is an atomic size effect, Nature 432 (7020)
(2004) 1008–1011.
[20] A.Y. Lozovoi, A.T. Paxton, Boron in copper: A perfect misﬁt in the bulk and cohesion enhancer at a grain boundary, Phys.
Rev. B 77 (16) (2008) 14.
[21] A. Wimmer, et al., Temperature dependent transition of intragranular plastic to intergranular brittle failure in electro-
deposited Cu micro-tensile samples, Mater. Sci. Eng. a-Struct. Mater. Prop. Microstruct. Process. 618 (2014) 398–405.
[22] M. Yuasa, M. Mabuchi, First-principles study in Fe grain boundary with Al segregation: variation in electronic structures
with straining, Philos. Mag. 93 (6) (2013) 635–647.
[23] J.X. Shang, et al., Effects of Co and Cr on bcc Fe grain boundaries cohesion from ﬁrst-principles study, Computational
Mater. Sci. 38 (1) (2006) 217–222.
[24] W.T. Geng, A.J. Freeman, G.B. Olson, Inﬂuence of alloying additions on grain boundary cohesion of transition metals: First-
principles determination and its phenomenological extension, Phys. Rev. B 63 (16) (2001) 9.
[25] D. Farkas, et al., Atomistic simulations of the effects of segregated elements on grain-boundary fracture in body-centered-
cubic Fe, Metall. Mater. Trans. a-Phys. Metall. Mater. Sci. 36A (8) (2005) 2067–2072.
[26] M. Yuasa, M. Mabuchi, Effects of segregated Cu on an Fe grain boundary by ﬁrst-principles tensile tests, J. Phys.-Condens.
Matter 22 (50) (2010) 7.
[27] W.T. Geng, A.J. Freeman, G.B. Olson, Inﬂuence of alloying additions on the impurity induced grain boundary embrittle-
ment, Sol. State Commun. 119 (10-11) (2001) 585–590.
[28] Z.X. Tian, et al., Effect of alloying additions on the hydrogen-induced grain boundary embrittlement in iron, J. Phys.-
Condens. Matter 23 (1) (2011) 8.
[29] L.P. Zhong, et al., Effects of Mn additions on the P embrittlement of the Fe grain boundary, Phys. Rev. B 55 (17) (1997)
11133–11137.
[30] J.X. Shang, C.Y. Wang, Electronic effects of alloying elements Nb and V on body-centred-cubic Fe grain boundary cohesion,
J. Phys.-Condens. Matter 13 (42) (2001) 9635–9644.
[31] W.T. Geng, et al., Effect of Mo and Pd on the grain-boundary cohesion of Fe, Phys. Rev. B 62 (10) (2000) 6208–6214.
[32] Z.Z. Chen, C.Y. Wang, Effect of element Re on the grain boundary cohesion of alpha-Fe, Chin. Phys. 15 (3) (2006)
604–609.
[33] P. Lejcek, S. Hofmann, A. Krajnikov, Chemical aspects of brittle fracture: grain boundary segregation, Mater. Sci. Eng. a-
Struct. Mater. Prop. Microstruct. Process. 234 (1997) 283–286.
[34] Z.Z. Chen, C.Y. Wang, First-principles study on the effects of co-segregation of Ti, B and O on the cohesion of the alpha-Fe
grain boundary, J. Phys.-Condens. Matter 17 (42) (2005) 6645–6652.
[35] J.X. Shang, D.L. Zhao, C.Y. Wang, Effect of titanium on bcc Fe grain boundary cohesion, Acta Metall. Sin. 37 (8) (2001)
893–896.
[36] R. Yang, et al., The effects of 3d alloying elements on grain boundary cohesion in gamma-iron: a ﬁrst principles study on
interface embrittlement due to the segregation, J. Phys.-Condens. Matter 15 (49) (2003) 8339–8349.
[37] Kim, S., et al., The effects of vanadium on the strength of a bcc Fe Σ3(111)[1-10] grain boundary, 2012: arXiv.
[38] M. Rajagopalan, M.A. Tschopp, K.N. Solanki, Grain boundary segregation of interstitial and substitutional impurity atoms
in Alpha-Iron, JOM 66 (1) (2014) 129–138.
[39] K.D. Bauer, et al., A ﬁrst principles investigation of zinc induced embrittlement at grain boundaries in bcc iron, Acta Mater.
90 (2015) 69–76.
[40] R.Q. Wu, A.J. Freeman, G.B. Olson, First principles determination of the effects of phosporus and boron on iron grain-
boundary cohesion, Science 265 (5170) (1994) 376–380.
[41] M. Yamaguchi, First-Principles Study on the Grain Boundary Embrittlement of Metals by Solute Segregation: Part I. Iron
(Fe)-Solute (B, C, P, and S) Systems, Metall. Mater. Trans. a-Phys. Metall. Mater. Sci. 42A (2) (2011) 319–329.
[42] E. Wachowicz, A. Kiejna, Effect of impurities on structural, cohesive and magnetic properties of grain boundaries in alpha-
Fe, Model. Simul. Mater. Sci. Eng. 19 (2) (2011) 20.
[43] G.L. Krasko, G.B. Olson, Effect of boron, carbon, phosphorus, and sulfur on intergranular cohesion in iron, Sol. State
Commun. 76 (3) (1990) 247–251.
[44] R.Q. Wu, A.J. Freeman, G.B. Olson, Effects of carbon on Fe-grain-boundary cohesion: ﬁrst-principles determination, Phys.
Rev. B 53 (11) (1996) 7504–7509.
[45] M. Yuasa, M. Mabuchi, Bond mobility mechanism in grain boundary embrittlement: ﬁrst-principles tensile tests of Fe with
a P-segregated Sigma 3 grain boundary, Phys. Rev. B 82 (9) (2010) 5.
[46] M. Yamaguchi, Y. Nishiyama, H. Kaburaki, Decohesion of iron grain boundaries by sulfur or phosphorous segregation:
First-principles calculations, Phys. Rev. B 76 (3) (2007) 5.
[47] Y.Q. Fen, C.Y. Wang, Electronic effects of nitrogen and phosphorus on iron grain boundary cohesion, Computational Mater.
Sci. 20 (1) (2001) 48–56.
[48] H. Jin, I. Elﬁmov, M. Militzer, Study of the interaction of solutes with Sigma 5 (013) tilt grain boundaries in iron using
density-functional theory, J. Appl. Phy. 115 (9) (2014) 8.
[49] M. Kim, C.B. Geller, A.J. Freeman, The effect of interstitial N on grain boundary cohesive strength in Fe, Scr. Mater. 50 (10)
(2004) 1341–1343.
M.A. Gibson, C.A. Schuh / Data in Brief 6 (2016) 143–148148[50] M. Yamaguchi, M. Shiga, H. Kaburaki, Grain boundary decohesion by sulfur segregation in ferromagnetic iron and nickel—
a ﬁrst-principles study, Mater. Trans. 47 (11) (2006) 2682–2689.
[51] V.I. Razumovskiy, A.Y. Lozovoi, I.M. Razurnovskii, First-principles-aided design of a new Ni-base superalloy: Inﬂuence of
transition metal alloying elements on grain boundary and bulk cohesion, Acta Mater. 82 (2015) 369–377.
[52] R.W. Smith, et al., The effect of Li, He and Ca on grain boundary cohesive strength in Ni, Scr. Mater. 43 (10) (2000) 957–961.
[53] W.T. Geng, et al., Embrittling and strengthening effects of hydrogen, boron, and phosphorus on a Sigma 5 nickel grain
boundary, Phys. Rev. B 60 (10) (1999) 7149–7155.
[54] W.G. Liu, et al., First-principles study of intergranular embrittlement induced by Te in the Ni Sigma 5 grain boundary,
Comput. Mater. Sci. 88 (2014) 22–27.
[55] W.G. Liu, et al., The effect of Nb additive on Te-induced stress corrosion cracking in Ni alloy: a ﬁrst-principles calculation,
Nucl. Sci. Tech. 25 (5) (2014) 5.
[56] W.G. Liu, et al., First-principles study of the effect of phosphorus on nickel grain boundary, J. Appl. Phy. 115 (4) (2014) 7.
[57] M. Vsianska, M. Sob, The effect of segregated sp-impurities on grain-boundary and surface structure, magnetism and
embrittlement in nickel, Prog. Mater. Sci. 56 (6) (2011) 817–840.
[58] M. Yamaguchi, M. Shiga, H. Kaburaki, Energetics of segregation and embrittling potency for non-transition elements in the
Ni Sigma 5 (012) symmetrical tilt grain boundary: a ﬁrst-principles study, J. Phys.-Condens. Matter 16 (23) (2004)
3933–3956.
[59] W.G. Liu, et al., Effects of rare-earth on the cohesion of Ni Sigma 5 (012) grain boundary from ﬁrst-principles calculations,
Comput. Mater. Sci. 96 (2015) 374–378.
[60] Young, G.A., et al., An Atomistic Modeling Study of Alloying Element, Impurity Element, and Transmutation Products on
the Cohesion of a Nickel Σ5 {001} Twist Grain Boundary, 2003, Lockhhed Martin Corporation and Materials Design Inc.
[61] L. Huber, J. Rottler, M. Militzer, Atomistic simulations of the interaction of alloying elements with grain boundaries in Mg,
Acta Mater. 80 (2014) 194–204.
[62] J. Zhang, Y.C. Dou, Y. Zheng, Twin-boundary segregation energies and solute-diffusion activation enthalpies in Mg-based
binary systems: a ﬁrst-principles study, Scr. Mater. 80 (2014) 17–20.
[63] G.B. Olson, S. Zhang, Ductilization of High-Strength Magnesium Alloys, US Military, 2012.
[64] R. Janisch, C. Elsasser, Segregated light elements at grain boundaries in niobium and molybdenum, Phys. Rev. B 67 (22)
(2003) 11.
[65] A.M. Tahir, R. Janisch, A. Hartmaier, Ab initio calculation of traction separation laws for a grain boundary in molybdenum
with segregated C impurites, Model. Simul. Mater. Sci. Eng. 21 (7) (2013) 16.
[66] Sebastian, J., M.A. Gibson, Editor 2015.
[67] D.A. Aksyonov, A.G. Lipnitskii, Y.R. Kolobov, Grain boundary segregation of C, N and O in hexagonal close-packed titanium
from ﬁrst principles, Model. Simul. Mater. Sci. Eng. 21 (7) (2013) 12.
[68] W. Setyawan, R.J. Kurtz, Effects of transition metals on the grain boundary cohesion in tungsten, Scr. Mater. 66 (8) (2012)
558–561.
[69] W. Setyawan, R.J. Kurtz, Ab initio study of H, He, Li and Be impurity effect in tungsten Sigma 3{112} and Sigma 27{552}
grain boundaries, J. Phys.-Condens. Matter 26 (13) (2014).
[70] D. Scheiber, et al., Ab initio description of segregation and cohesion of grain boundaries in W-25 at.% Re alloys, Acta Mater.
88 (2015) 180–189.
[71] Z.W. Li, et al., Segregation of alloying atoms at a tilt symmetric grain boundary in tungsten and their strengthening and
embrittling effects, Chin. Phys. B 23 (10) (2014) 6.
[72] M. Christensen, et al., Effect of impurity and alloying elements on Zr grain boundary strength from ﬁrst-principles
computations, J. Nuc. Mater. 404 (2) (2010) 121–127.
[73] E. Bentria, I. Lefkaier, B. Bentria, The effect of vanadium impurity on Nickel Sigma 5(012) grain boundary, Mater. Sci. Eng.
a—Struct. Mater. Prop. Microstruct. Process. 577 (2013) 197–201.
[74] C.X. Li, et al., Effect of Cr, Mo, and Nb additions on intergranular cohesion of ferritic stainless steel: First-principles
determination, Chin. Phys. B 23 (3) (2014) 6.
[75] R. Yang, et al., Effects of Cr, Mn on the cohesion of the gamma-iron grain boundary, Acta Mater. 49 (6) (2001) 1079–1085.
[76] J.S. Braithwaite, P. Rez, Grain boundary impurities in iron, Acta Mater. 53 (9) (2005) 2715–2726.
[77] L.P. Sagert, G.B. Olson, D.E. Ellis, Chemical embrittlement of Fe grain boundaries: P and the P-Mo couple, Philos. Mag. B-
Phys. Conden. Matter Stat. Mech. Electron. Opt. Magn. Prop. 77 (3) (1998) 871–889.
[78] G.L. Krasko, Energetics of ideal grain boundary fracture in iron and the thermodynamic criterion of impurity embrittle-
ment. in:` Symposium on Interfacial Engineering for Optimized Properties, Materials Research Society, Boston, Ma, 1996.
[79] E. Wachowicz, A. Kiejna, Effect of impurities on grain boundary cohesion in bcc iron, Comput. Mater. Sci. 43 (4) (2008)
736–743.
[80] R.I. Babicheva, et al., Effect of grain boundary segregations of Fe, Co, Cu, Ti, Mg and Pb on small plastic deformation of
nanocrystalline Al, Comput. Mater. Sci. 98 (2015) 410–416.
[81] V.I., Razumovskiy, et al., Analysis of the alloying system in Ni-base superalloys based on ab initio study of impurity
segregation to Ni grain boundary, in: Proceedings of the Euro Superalloys 2010, 2011, vol. 278, pp. 192–197.
[82] Z.L. Pan, L.J. Kecskes, Q.M. Wei, The nature behind the preferentially embrittling effect of impurities on the ductility of
tungsten, Comput. Mater. Sci. 93 (2014) 104–111.
